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(57) ABSTRACT

An optical coherence tomography system includes a catheter
in which 1s arranged a plurality of light conducting fibers. It
turther includes a plurality of optical units. Light from the
proximal end to the distal end and signals from the distal end
to the proximal end can be transmitted simultaneously in
different fibers. Time 1s saved through the simultaneous sig-
nal processing of signals from ditferent fibers. That 1s advan-
tageous particularly in the imaging, by means of coherence
tomography, of blood vessels that have to be occluded for said
imaging.

16 Claims, 3 Drawing Sheets
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OPTICAL COHERENCE TOMOGRAPHY
SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority of German application No.

102005 045 088.1 filed Sep. 21, 2005, which 1s incorporated
by reference herein 1n 1ts entirety.

FIELD OF THE INVENTION

The 1nvention relates to an optical coherence tomography
system having a catheter arranged with a plurality of light
conducting fibers.

BACKGROUND OF THE INVENTION

Optical coherence tomography is still a very new imaging,
technology. An outline of optical coherence tomography 1s
given 1n, for example, the article “Optical coherence tomog-
raphy for ultrahigh resolution in vivo imaging” by James G.
Fujimoto, in “Nature Biotechnology™, Volume 21, Number
11, November 2003, pp. 1361 1I. Vanations are described 1n
European patent EP 0 3581 871 B1.

Not only the surface of a sample 1s 1maged in optical
coherence tomography; in-depth 1maging also takes place.
While 1n the case of ultrasound systems a relevant signal can
be assigned to a depth on the basis of certain differences in
signal propagation time, 1n optical systems 1t 1s necessary to
operate with interferometry, with the depth of the sample
being examined, for example a tissue, then corresponding in
terms of magnitude to the wavelength of the radiation
employed.

Optical coherence tomography, which 1s a particularly
advanced technology, enables intracorporal lumina to be
imaged. For this purpose, a catheter 1s introduced into the
body being examined. While EP 0 581 871 B1 describes an
embodiment 1n which a bundle of fibers 1s provided 1n a
catheter, with the individual fibers being addressed sequen-
tially during scanning and not simultaneously, the present
invention proceeds from an embodiment in which basically
only one fiber 1s needed for producing a full cross-sectional
image of an intracorporal lumen. Part of said fiber 1s therein a
lens located on the distal end and a deflector unit. Light1s then
beamed through the fiber via the lens and the deflector unit
onto the wall of the intracorporal lumen and reflected back
therefrom. The reflected light 1s guided back through the fiber
and taken to an evaluating process at the proximal end of the
fiber. The cited interferometry 1s introduced by arranging a
Michelson interferometer 1n front of the proximal fiber end,
with the mterferometer unit including a beam splitter and a
reference path, with half the split beam being guided into the
reference path. Said beam portion 1s reflected back there and
traverses the reference path 1n the opposite direction 1n order
to be overlaid with the signal that 1s decoupled from the fiber’s
proximal end. The thus overlaid signal 1s taken to an evalua-
tion unit consisting essentially of a detector 1n the interter-
ometry unit. The detector signal 1s taken to a signal processing
system, which 1s to say to a computer and, where applicable,
upstream electronic components. To produce a complete
image, the catheter 1s then turned along with the fiber. The
lens consequently turns along with the detlector element and
the beam exiting the fiber at the distal end will be guided in
another direction 1n keeping with the turn. Another part of the
vessel wall of the lumen being 1imaged 1s 1rradiated analo-
gously.
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The turn 1s assigned 1n the signal evaluation unit to the
signal obtained in this way so a complete two-dimensional
image will result when the fiber 1s turned through 360°.
Because different depths of the tissue of the lumen being
examined are scanned simultaneously, said images will cor-
respond to a cross-sectional 1mage that was obtained at the
height of the distal end of the fiber and provides information
about the examined lumen perpendicular to the axis of rota-
tion.

It 1s generally desirable for a three-dimensional data record
to be generated. A plurality of said cross-sectional 1mages
must therefore be recorded at different heights of the intrac-
orporal lumen. Because the light beam exits the fiber 1n a
defined manner, the fiber must for this purpose be moved 1n
the lumen. It can be moved after a cross-sectional 1mage has
been recorded, meanming after turning has taken place, so that
a sequence of cross-sectional 1mages 1s obtained; but 1t can
also be moved continuously during turning, with the signals
then obtained constituting a real three-dimensional data
record for which the lumen was scanned spirally. The fiber 1s

as a rule moved not forward but back. Typical speeds of
retraction are around 0.5 mm/s to 2 mm/s.

What 1s problematic 1s that when blood vessels are shown
in cross-sectional images the blood will disrupt the represen-
tation. Emaitted light, typically having a wavelength of 1,300
nanometers, 1s mainly scattered by the blood’s constituents.
That 1s why 1n the prior art the blood 1s brietly kept away for
image recording. That can be done by flushing the entire
blood vessel with a cell-free fluid while the 1mage 1s being
recorded without occluding the blood flow. Another possibil-
ity 1s to occlude the blood flow by means of a balloon on a
catheter (known from, for instance, EP 0 330 376 A2).
Occluding customarily takes place upstream of the imaging
site, with a little fluid being flushed into the vessel down-
stream so that the vessel remains cell-free and a good 1image
quality 1s achieved.

At the above-mentioned speed of retraction, 1n the case of
a three-dimensional representation of a blood vessel the prob-
lem thus arises that if a 10-centimeter length has to be repre-
sented the vessel will have to remain sealed for at least 50
seconds. That 1s a relatively long period for a live system.

SUMMARY OF THE INVENTION

The object of the mvention 1s to provide an optical coher-
ence tomography system with the aid of which three-dimen-
sional 1image data records of blood vessels or of the kind of
lumina where recording of brief duration 1s advantageous can
be produced significantly faster than in the prior art.

To achieve said object the mvention proposes an optical
coherence tomography system having the features of the
claims.

An optical coherence tomography system of said type thus
includes a catheter in which are arranged a plurality of light
conducting fibers and a plurality of optical units each
assigned to one fiber. Said optical units are assigned and
embodied in such a way that light from the respectively
assigned unit 1n the individual fibers can be guided indepen-
dently of the other fibers from a proximal fiber end to a distal
fiber end and, analogously, a (response) signal can be guided
trom the distal fiber end to the proximal fiber end 1n each fiber
independently of the other fibers and can be independently
evaluated 1n the respectively assigned optical unit (or, as the
case may be, prepared for evaluation). The optical units’
mutual mdependence 1s 1n particular such that light and sig-
nals can be transmitted in different fibers simultaneously. The
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individual fibers can mventively be turned together with the
associated optical unit independently of the other fibers.

The optical coherence tomography system claimed thus
provides a plurality of autonomous subsystems consisting of
fibers and optical units, with each optical umit being embodied
such as to enable an optical coherence tomography 1mage or
image portions to be obtained. Each optical unit has 1n par-
ticular an 1nterferometer unit having a reference arm and an
evaluation unit having a detector.

Because a plurality of signals can be obtained simulta-
neously and the fibers can be controlled mutually indepen-
dently, the time needed to record 1mages having a specific
number of 1mage elements 1s mversely proportional to the
number of light conducting fibers and optical units. If, say,
three independent fibers are used along with three optical
units assigned thereto, then 1t will be possible 1n each case to
record three signals simultancously and thus reduce the
length of time to record a cross-sectional image to one third or
to produce three such cross-sectional images simultaneously,
depending on the position of the fibers.

Notwithstanding the optical units’ independence 1t 15 pos-
sible to provide a single light source for a plurality of optical
units 1n common. Independent controlling of the plurality of
light conducting fibers will be possible then, too. A saving 1n
components 1s achieved thereby, and it will not be necessary
actually to combine a plurality of independent coherence
tomography systems; instead, independence will be required
in partial systems only, such as the optical units and light
conducting fibers, while a common catheter and common
light source are provided.

A single signal processing unit can likewise be provided 1n
common, with the same advantages being gained.

Said embodiment 1s further advantageous especially
because a single image can be obtained from signals from at
least two different fibers. It 1s advantageous with said embodi-
ment for the distal ends of at least two different fibers to be
provided at the same height 1n the catheter. Different areas of
the blood vessel wall will then 1in each case be scanned when
the fibers are turned mutually independently. The signals
obtained are assembled 1nto a cross-sectional 1mage.

It 1s alternatively and additionally possible to produce an
entire series of 1mages 1n the signal processing unit, with the
individual 1mages 1n said series each being obtained from
signals from a partial number of the fibers. Said 1ndividual
images 1n the series are therein preferably obtained from
individual fibers. Said embodiment can advantageously be
realized by providing the distal ends of at least two different
fibers spatially displaced along a catheter axis in the catheter.

Signals from two diflerent height areas of the vessel being
examined will hence be obtained when the two fibers are
turned and signals are recorded independently, which thus
obtained signals can 1n each case be used on completion of a
tull 360° turn for obtaining a cross-sectional 1image. In keep-
ing with the distal ends’ spatial displacement, two cross-
sectional images will then be obtained that together form part
of the series of 1mages.

While signals for the individual images are generated twice
as fast 1n the embodiment 1n which the distal ends of at least
two different fibers are provided at the same height 1 the
catheter area, meaning that the fibers can be moved twice as
fast in the vessel being 1imaged, 1n the embodiment 1n which
the distal ends of at least two different fibers are provided
spatially displaced in the catheter, two or more cross-sec-
tional 1mages are recorded simultaneously but, each taken
individually, just as fast as when only one fiber 1s used as 1n
the prior art. The spatial displacement 1s advantageously
selected such as to subdivide typical lengths of the fiber’s
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movement in the vessel. So 1f the spatial displacement 1s
selected appropnately, the individual fibers will have to be
moved along only a partial length, for example three fibers
will have to be moved along only one third of the total length,
with said moving continuing until the distal end of the first
fiber reaches the place where the distal end of the second fiber
was previously located. If the distal ends are arranged equi-
distantly, the distal end of the second fiber will at that time
reach the site at which the third fiber was previously located
and the third fiber will then reach the end of the length over
which the image 1s produced.

The individual fibers are 1n a preferred embodiment each
surrounded by a separate casing. All fibers can alternatively or
additionally be surrounded by a common casing.

Said casing 1s beneficial particularly when the fibers are
turned and moved longitudinally as 1t will fundamentally
make it easier to move the fibers.

In a preferred embodiment, each optical unit can be turned.
That takes account of the imnvention’s fundamentally proceed-
ing from the fact that imaging takes place through turming the
fibers. In the case of optical units that can be turned, the link
between the optical units and the fibers can be fixed and a
transition from a turning to a fixed system has to be provided
only at the interface to the signal processing unit, for example
at the detector’s signal output.

It will be of beneficial use for obtaining a three-dimen-
sional data record 1f on or 1n the catheter an optical marking 1s
provided that 1s discernible on the 1image. Said optical mark-
ing will make it possible to subsequently detect both the
fiber’s position from the 1mage as well as, where applicable,
the fiber’s longitudinal movement. In a sensitive system, such
as one comprising a plurality of fibers, a particular possible
occurrence 1s for the fibers’ mutual spatial relationship to
change slightly. The optical marking will therein assist the
signal processing unit in automatically correcting possible
movements and displacements so that a reliable three-dimen-
sional data record can be computed.

Instead of a separate optical marking, the imaging of the
catheter as such, which 1s basically discernible on the 1image,
can also be used 1n spatially assigning signals to each other.
An optical marking 1s advantageous compared to the catheter
faintly visible on the image on account only of the strength of
the signal produced by said marking.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention will now be
described with reference to the drawing.

FIG. 1 1s a schematic of the components of an optical
coherence tomography system:;

FIG. 2A being a general view of the fibers,
FIG. 2B being a partial view of the tip of a fiber, and

FIG. 2C being a plan view of what 1s shown in FIG. 2A
from the right;

FIG. 3A being a general view of the three fibers,
FIG. 3B being a partial view of the tip of a fiber; and

FIGS. 3C and 3D are each plan views of the embodiment
shown 1n FIG. 3A from the right that correspond to different
versions of beam scanning in this alternative;

FIG. 41s a schematic illustration of the ability of the totality
of optical units to be turned;

FIG. 5 1s a schematic illustration of the ability of individual
fibers to be turned mutually independently;

FIG. 6 shows an embodiment having a larger number of
independent fibers;
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FIG. 7A 1s a general view of an embodiment having a
plurality of fibers showing the movement for signal generat-
ing, and

FIG. 7B are a cross-section through what 1s shown 1n FIG.
TA.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows the overall system employed for the mven-
tion.

The mvention employs a single catheter 10. Located 1n said

catheter 10 are three light conducting fibers (not shown 1n
FIG. 1, but see FIG. 2 and FIG. 3). Each individual fiber 1s
linked via a catheter coupling 12 to an associated optical unait.
Shown 1n the figure are the optical unit 1, designated 14, that
1s linked to the first fiber, the optical unit 2, designated 14,
that 1s linked to the second fiber, and the optical unit 3,
designated 14", that 1s linked to the third fiber via the catheter
coupling 12. The optical umts 14, 14', and 14" are herein
optical units conforming to the prior art for optical coherence
tomography systems, which 1s to say Michelson interferom-
cter units having a reference arm and an evaluation facility
that includes, for example, a detector. The optical units 14,
14." and 14" are independent to the effect that the individual
fibers 1n the catheter 10 can recerve light mutually indepen-
dently and that each send back signals to the optical units 14,
14', and 14" mutually independently so that each individual
fiber can be used independently of the other fibers for obtain-
ing signals, doing so simultaneously with the obtaining of
signals with the assistance of the other two fibers.

A single operator system 15 can be provided if the mutual
independence of the optical umits 14, 14', and 14" has been
insured. The optical units 14, 14", and 14" are each controlled
via separate control leads 16, 16', and 16", which leads or, as
the case may be, leads parallel thereto (not shown) are also
used for routing signals selected by the detector back to a
system comprising upstream electronics 18 and a control and
graphics display computer 20, which i1s to say to a signal
processing umt. Said common signal processing unit 20 1s
customarily linked to a monitor 22 and a user interface 24.

Two alternatives are presented here for the fiber arrange-
ment.

FIG. 2A shows the first alternative. The fibers 26, 28, and
30 are arranged alongside each other and are surrounded by a
common casing 32. At the tip, each individual fiber 26, 28,
and 30 appears as shown by way of example 1n FIG. 2B for the
fiber 28. The distal end of the fiber 28 ends 1n a lens 34, shown
here schematically, which focuses the light onto a deflector
unit 36, likewise shown schematically. The angle a through
which the deflector unit 36 1s tilted 1s preferably 45° so that a
light beam exiting the fiber 28 will radiate away from the fiber
at an angle of 90°. That 1s 1llustrated in FIG. 2C. The fiber 26
has herein been assigned the light beam 38, the fiber 28 the
light beam 40, and the fiber 30 the light beam 42. Not shown
in FI1G. 2C 1s the wall of a vessel being imaged, for example
a blood vessel, from which wall the light radiating perpen-
dicularly back on the same path as the light beams 38, 40, and
42 1s recoupled into the fibers 26, 28 or, as the case may be, 30

and 1s used for signal generating in the optical units 14, 14',
and 14".

The embodiment shown 1n FIG. 2A has the advantage that
three light beams 38, 40, and 42 simultaneously scan the
surroundings of the distal end of the fibers 26, 28, and 30 so
that each fiber or the entire system has to be turned by a third
in order to obtain a complete cross-sectional 1image from the
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signals obtained. Because only a third of a turn 1s necessary,
imaging 1s three times faster than in the prior art where only
a single fiber 1s used.

An alternative 1s shown in FIG. 3A. The distal ends of three
fibers, 44, 46, and 48 are therein arranged spatially mutually
displaced, with the distance between the end of the first fiber
44 and second fiber 48 on the one hand and the second fiber 48
and third fiber 46 on the other being in each case 1. The tips of
the fibers 44, 46, and 48 herein again appear the same as
shown schematically in FIG. 3B for the fiber 46: A lens 50 1s
arranged on the fiber 46, and 1n front of said lens 1s a deflector
unit 52.

The distances 1 have presently been selected in such a way
that a typical vessel section being imaged 1s 31 long. The light
beams exiting the fibers 44, 46, and 48 are mutually indepen-
dent: A complete rotation of the respective fiber 44, 46, and 48
must be performed at each of the heights, defined by the distal
ends of the fibers 44, 46, and 48, of the vessel being imaged.
It 1s thus 1rrelevant whether the light beams exit the fibers 44,
46, and 48 simultaneously as light beams 54, 56, and 58, as
shown 1n FIG. 3C, at a mutual angle of 120° or whether all
light beams 54', 56' and 38', as shown 1n FI1G. 3D, point in the
same direction and are radiated out 1n parallel even when the
fibers are turned relative to each other.

In the embodiments shown 1n FIG. 2C, FIG. 3C, and FIG.
3D, an optical marking 60 can be provided on the catheter 10.
One of the light beams 38, 40, and 42 (FIG. 2C) or all light
beams 54, 54', 56, 56' and 58, 58' (FIG. 3C and FIG. 3D) will
scan the optical marking 60 when the individual fibers are
turned. The optical marking 60 will produce a corresponding
signal on the cross-sectional image i1n the embodiment
according to FIG. 2C or, as the case may be, on the cross-
sectional images 1n the embodiment according to FIG. 3C and
FIG 3D. The optical marking 60 makes 1t possible to deter-
mine the light beam’s spatial orientation, in particular its
angle. If the optical marking 1n the case of the embodiment 1s
also perpendicular to the presentation plane according to FIG.
3C and FI1G. 3D so that 1ts form 1s characteristic, it will also be
possible to ascertain the distal position of the fiber ends of the
fibers 44, 46, and 48 from the imaged optical marking 60F.

It has already been mentioned that the individual fibers
have to be turned during 1imaging. It can herein be advanta-
geous to turn the individual fibers together. That applies both
to the embodiment according to FIG. 2A, FIG. 2B, FIG. 2C
and to the embodiment according to FIG. 3A, FIG. 3B, FIG.
3C, and FIG. 3D. The casing 32 herein holds, by way of
example, the fibers 26, 28, and 30 together.

FIG. 4 shows a section of the system according to FIG. 1
and, by means of the arrow 62, illustrates that not only the
individual fibers 26, 28, and 30 or also 44, 46, and 48 turn
together but that the corresponding optical units 14, 14', and
14" can likewise be turned together. The catheter coupling 12
can accordingly be relatively rigid while, for example, sliding
contacts can be provided at the transition into the leads 16,
16', and 16" (not shown 1n FI1G. 4, though 1llustrated 1n FIG.
1) so that electrical contact will also be 1nsured during turn-
ng.

FI1G. 5 1llustrates another embodiment for which, analo-
gously to FIGS. 2C and 3C and FIG. 3D, a plan view of the
embodiment 1s shown where the individual fibers can be
turned mutually independently. Said embodiment 1s advanta-
geous especially when the alternative according to FI1G. 3C 1s
selected, which 1s to say when the fibers 44, 46, and 48 are
provided having mutually displaced distal ends. Although 1t 1s
not 1n every case msured that the light beams 54, 56, and 38
from the respectively other fibers will not be adversely
aifected 1n their travel, virtually complete scanning through
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360° 1s 1n any event possible. To facilitate evaluation, a further
optical marking element 60' can be provided in addition to the
one optical marking element 60, or yet a further optical mark-
ing element 60",

In the embodiment according to FIG. 5 1t 1s advantageous
for each of the fibers 44, 46, and 48 to have an individual
casing to make them easier to move mutually independently.
A common casing of the type shown in FIG. 2A, namely
casing 32, 1s, though, additionally possible but not necessary.

The embodiments shown hitherto utilize three fibers. The
overall system 1s as a result three times as fast as 1n the prior
art where only one fiber 1s used. That will as a rule provide
suificient time for imaging a blood vessel that has to be
occluded.

Should, though, more speed be required, then more than
two or three fibers can be provided, for example, as shown 1n
FIG. 6, fourteen fibers 64. Virtually no turning will be neces-
sary 1n a system of that type.

It will already cease being necessary to provide turning in
the case of a system, illustrated 1n FIG. 7, having seven fibers
66. Illustrated 1 FIG. 7A 1s the overall representation of a
fiber system that has been introduced into a catheter and
comprises seven fibers 66 that can be counted 1n the plan view
shown in FIG. 7B. It will suflice, as indicated by the arrow 68,
simply to swing the entire system back and forth. When the
system 1s being swung back and forth according to arrow 68
or, as the case may be, arrow 70 1n the representation perpen-
dicular hereto, a light beam 72 will scan according to the
swing, as indicated by the arrow 74 or, as the case may be, 74',
in the light beam exiting directions 72 and 72" indicated by
the dotted lines. When the system 1s swung back according to
the arrow 68 or, as the case may be, 70, the light beam wall
move from the position 72" according to the arrow 76 or, as
the case may be, 76' across the position 72' back to the posi-
tion 72. Because all seven fibers 66 each emit light beams
analogous to the light beam 72, which 1s swung through a
specific area, the entire 360° area will ultimately be scanned.
A signal processing unit 1s able, using the control signals for
the swinging mechanism, to assign to the swing the retlection
signals guided back over the fibers 66 and accordingly pro-
duce cross-sectional 1mages of the vessel being examined.

As regards the number of independent fibers 1t must be
observed that a compromise has to be found here between a
moderately large number of three fibers, as shown FIGS. 2
and 3, and a very large number of fourteen fibers 64, as shown
in FIG. 6. Attention 1s drawn to a separate optical unit’s
having to be provided for each fiber, which unit includes in
particular an mterferometer unit. The number 14, as indicated
in FIG. 6, must hence rather be regarded as too high because
the Michelson interferometers on the proximal end of the
catheter (or, as the case may be, on the catheter coupling (12))
will impede each other. As illustrated in FIG. 7, a medium
number of independent systems having independent fibers 66
(and seven independent optical units) will suilice to render
turning superfluous. The exact number of fibers used will
depend on the requirements placed on 1maging that are deter-
mined 1n particular by the image recording time available.

The mvention claimed 1s:

1. An optical coherence tomography system, comprising:

a catheter:

a plurality of light conducting fibers arranged on the cath-

eter; and

a plurality of optical units each assigned to one of the fibers

respectively, wherein each optical unit comprises an
interferometer unit which comprises a reference arm and
an evaluation unit having a detector, and wherein a
single light source 1s provided for the optical unaits,
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wherein the optical units are configured such that:
light from the each assigned optical unitin the respective
fiber 1s guided from a proximal fiber end to a distal
fiber end 1independently of other fibers, and
a signal 1s guided from the distal fiber end to the proxi-
mal fiber end independently of other fibers and 1nde-
pendently evaluated 1n the respectively assigned opti-

cal unit so that the light and the signal are transmitted
simultaneously 1n different fibers,

wherein each fiber 1s configured to turn together with the

associated optical unit independently of other fibers.

2. The optical coherence tomography system as claimed 1n
claim 1, wherein a single signal processing unit 1s provided
which guides signals from the optical units.

3. The optical coherence tomography system as claimed 1n
claim 2, wherein the signal processing unit obtains an 1mage
from signals from at least two difierent fibers.

4. The optical coherence tomography system as claimed 1n
claim 2, wherein a series of 1images 1s processed 1n the signal
processing unit with each image obtained from a portion of
the fibers.

5. The optical coherence tomography system as claimed 1n
claim 4, wherein the portion of the fibers 1s an individual fiber.

6. The optical coherence tomography system as claimed in
claim 1, wherein distal ends of at least two different fibers are
provided at a same height 1n the catheter.

7. The optical coherence tomography system as claimed 1n
claim 1, wherein distal ends of at least two different fibers are
spatially displaced along a catheter axis of the catheter.

8. The optical coherence tomography system as claimed 1n
claim 1, wherein each of the fiber 1s surrounded by a separate
casing.

9. The optical coherence tomography system as claimed 1n
claiam 1, wherein the fibers are surrounded by a common
casing.

10. The optical coherence tomography system as claimed
in claim 1, wherein each of the optical units 1s turned 1ndi-
vidually.

11. The optical coherence tomography system as claimed
in claim 1, wherein the fibers are turned 1n common along
with associated optical units while maintaining a relative
mutual spatial relationship.

12. The optical coherence tomography system as claimed
in claim 1, wherein an optical marking 1s provided on the
catheter which enables signals from different fibers spatially
assigned to each other.

13. The optical coherence tomography system as claimed
in claim 1, wherein the signal 1s guided from the distal fiber
end to the proximal fiber end independently of other fibers
and independently prepared to be evaluated in the respec-
tively assigned optical unit.

14. A method for an optical coherence tomography system
having a catheter, comprising:;

arranging a plurality of light conducting fibers on the cath-

eler;

providing a plurality of optical units, each unit comprising

a reference arm and an evaluation unit having a detector;
assigning the plurality of optical units each to one of the
fibers respectively;

guiding light from the each assigned optical unit in the

respective fiber from a proximal fiber end to a distal fiber
end independently of other fibers;

guiding a signal from the distal fiber end to the proximal

fiber end 1ndependently of other fibers;

evaluating the signal in the respectively assigned optical

unit independently;
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turning each fiber together with the associated optical unit 16. The method as claimed 1n claim 14, wherein the fibers
independently of other fibers; and are turned 1n common along with associated optical units
transmitting the light and the signal simultaneously in dif- while maintaining a relative mutual spatial relationship.

ferent fibers.
15. The method as claimed 1n claim 14, wherein each of the
optical units 1s turned individually. £k % k%
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